Thus, it will be the most suitable way to measure the frequency of steady sounds as the point of subjective equality of pitch, compared with vibrato sounds whose physical parameters are definitely arranged, in order to define the location of principal pitch of vibrato sounds. From this point of view, Hirose, Tiffin,8) and Shonle investigated. Tiffin studied where the principal pitch was located by the method of constant stimuli. The carrier frequency of frequency modulated sounds (vibrato sounds) was 420 Hz. The extent of vibrato ranged from 0 to 200 cents. The modulation waveform was sinusoid, and the modulation rate was 7 Hz. Five subjects , participated. He concluded that principal pitch is located around the middle of vibrato extent, and goes down slightly when the extent increases. Hirose's study was done by the method of limits. The carrier frequency was 900, 1,100, and 1,500 Hz. The modulation rate was mainly 5 Hz. The extent of vibrato was 12 to 361 cents. Two or three subjects participated. He states that the principal pitch of vibrato sounds is located at a slightly higher side of the extent when the extent is under 50 cents, around the middle when the extent is 50 to 100 cents, and 40 cents higher than the lower end of the extent when the extent is over 100 cents. Shonle's study was done by the method of adjustment. The carrier frequency was mainly 440 Hz and 1,500 Hz. The modulation waveform was triangular, and the modulation rate was mainly 6 Hz. The extent of vibrato was 0 to 200 cents. Two or five subjects participated. He states the principal pitch of vibrato tones is close to the geometric mean of two extreme frequencies of vibrato extent, but not the arithmetic In experiment 1, we investigated whether the principal pitch of vibrato tones was located around the middle of vibrato extent, like Tiffin's data and Shonle's, and whether its location was able to be defined finely as Shonle stated. We used the method of adjustment because this method is generally considered most suitable to measure the point of subjective equality. tions, in the case of 200 cent extent, some subjects reported as follows. "Wherever the frequency of matching oscillator was controlled in a certain extent, the pitch of two tones seemed to be matched." "The matching point was difficult to define, and it was apt to pass through within matching trial." condition. So, subjective modulation depth of a rectangular modulation wave may be larger than that of a triangular modulation wave under the same extent conditions. This fact is able to be related to the study of the difference limen of modulation as a function of modulation waveform. Hartmann and Klein indicated that a rectangular frequency modulation wave produces smaller difference limen of modulation than a triangular frequency modulation wave.13) As the difference limen of modulation becomes smaller, subjective modulation depth may be larger under the same extent condition. Next, the location of the principal pitch of asymmetrical trill tones is shifted in the direction of the larger side of the time ratio, in Figs. 7 to 10. This means that the location of principal pitch of frequency modulated tones is defined not only by higher and lower extremes of modulation extent but also by the whole process of frequency changing. But, in Figs. 7 to 10, the location of principal pitch is shifted more to the outside of the dashed lines which indicate the location of simple time average of frequency changing. Shonle's data in Fig. 7 also indicate that the principal pitch of asymmetrical vibrato tones is shifted to the steady portion of trapezoidal modulation waves, and it is more outside than the location of the simple time average of frequency changing. But, it is shifted less than our data.
We estimated how much principal pitch is shifted quantitatively for each experimental condition. As the location of the principal pitch is outside of the dashed lines, we squared the time ratio to emphasize the long interval of asymmetrical modulation waves in the case of the 100 cent extent. Solid lines in Figs. 7 and 8 represent this time average of frequency changing, weighted by the square time ratio. The idea of weighting the time ratio by an exponential function was suggested by Stevens' power law for the relation between subjective duration and physical duration.15) But, as the exponent of his data did not correspond with our data, we estimated the exponents from our experimental results.
But, in the case of the 50 cent extent, if we apply square time ratio lines, the experimental data are inside these lines. The location of the principal pitch is between the simple time average of frequency changing and the time average weighted by square time ratio. Thus, we introduce the time average of frequency changing weighted by one and a half powers of the time ratio. Solid lines in Figs. 9 and 10 indicate this relationship. These solid lines just fit the experimental data.
It is only a hypothesis to apply the power law to the process of the principal pitch shift for asymmetrical trill tones. And, the exponents are predicted under our experimental condition. They are not able to be generalized.
After consideration of the experimental results concerning principal pitch of symmetrical and asymmetrical trill tones, we shall discuss how we perceive the principal pitch of frequency modulated tones, like vibrato tones or trill tones, by auditory system. As the modulation rate is 6 to 8 Hz in our experiments, the integral mechanism in hearing cannot fulfill its frequency analysis function. The integration mechanism of hearing can analyze frequency modulated tones into line spectrum only when the modulation rate is larger than the resolving power of frequency, almost equivalent to critical bandwidth.14) But, the modulation rate of 6 to 8 Hz is sufficient to allow the stable perception of principal pitch, and faster than the rate at which we perceive only pitch changing. When the modulation rate is 6 to 8 Hz, the auditory system does not have a long enough integration time to attain frequency analysis of frequency modulated tones, but may have the function to average pitches perceived every sampling time. To perceive principal pitch of frequency modulated tones means that the auditory system takes pitch every short sampling interval from frequency modulated tones which come continuously, registers these sampling pitches in sensory store, and averages every certain moment.
From the experimental results on the principal pitch of asymmetrical trill tones, in these pitch average processes, the time ratio between high frequency interval and low frequency interval will be weighted like an exponential function.
There are a few different values of the exponent according to the extent of trill. As the extent of trill is larger, the exponent is larger.
But, this exponentialweighting model is able to give the predictions only under our restricted experimental conditions. To complete this model, we must run further systematic experiments. The long interval of the larger extent is more impressive than that of the smaller extent. When the extent of trill or the asymmetry of the time ratio is large, the pitch averaging mechanism cannot follow pitch changing perfectly. This mechanism 
CONCLUSIONS
The principal, pitch of vibrato tones, whose modulation waveform is triangular, is located around the carrier frequency, by the method of adjustment.
This result almost corresponds with the experimental results by Tiffin and Shonle. But, they does not correspond with Hirose's.
As the location of the principal pitch of vibrato tones has the width proportional to the extent of vibrato, it is impossible to locate more precisely. As the extent of vibrato becomes larger, the standard deviation of final settings becomes larger.
The principal pitch of symmetrical trill tones can also be located around the carrier frequency, using the same method as in the first experiment.
The principal pitch of asymmetrical trill tones is shifted in the direction of the longer one between high frequency interval and low frequency interval.
